Mechanistic studies of cytochrome P450 2B1 inactivation by xanthates.
Xanthates have previously been shown to inactivate the phenobarbital-inducible rat cytochrome P450 2B1 as well as its human homologue P450 2B6. The inactivation was mechanism-based and the loss in enzymatic activity was due to covalent binding of a reactive xanthate intermediate to the P450 2B1 apoprotein. In this report, we investigated various mechanistic events to elucidate the individual step(s) in the P450 catalytic cycle that are compromised due to the inactivation by xanthates. Different xanthates displayed typical type I binding spectra and the spectral binding constants were in the low-millimolar range. A dramatic loss in 7-ethoxy-4-(trifluoromethyl)coumarin activity was observed when P450 2B1 was incubated with five different xanthates in the presence of NADPH. With the exception of the C14 xanthate, virtually no loss of absorbance at 418 or 450 nm in the reduced-CO complex was observed. Long-chain xanthates were able to affect the rate of the first electron transfer in the P450 catalytic cycle by stabilizing the heme in its low-spin state. n-Octyl xanthate (C8) metabolism led to very little observable oxy-ferro intermediate complex formation. The alternate oxidant tert-butyl hydroperoxide was able to support the inactivation reaction of C8 in the absence of reductase or NADPH. The rates of reduction of native, C8-exposed, and C8-inactivated P450 2B1 were measured. The C8-inactivated P450 had a 62% lower rate of reduction in the absence or presence of benzphetamine compared to the native enzyme. Product formation of the three enzyme preparations was quantified with benzphetamine as the substrate. The C8-inactivated P450 2B1 exhibited a much lower rate of NADPH consumption and formation of formaldehyde. However, the ratio of H2O2 to formaldehyde production increased from 1:1 for the native enzyme to 2.8:1 for the inactivated P450. Together these observations indicate that the covalent modification of P450 2B1 by a reactive intermediate of xanthates reduces the rate of the first electron transfer by the reductase and also leads to uncoupling of electron transfer from product formation by diverting a greater proportion of the electrons to H2O2 formation.